Spatio-temporal variation in predation risk is predicted to select for plastic anti-predator responses, which may in turn impact the fine-scale social structure of prey groups and processes mediated by that structure. To test these predictions, we manipulated the ambient predation risk experienced by Trinidadian guppy (Poecilia reticulata) groups before quantifying their social networks and recording individual latencies to approach and solve a novel foraging task. High-risk conditions drove the formation of social networks that were more strongly assorted by body size than those exposed to low ambient risk and promoted longer durations of contact between preferred partners. Additionally, high background predation risk reduced the probability individuals would approach and solve a novel foraging task. Network-based diffusion analysis revealed that while social transmission of the task solution from knowledgeable to naive individuals occurred at a higher rate within low-risk groups, individuals in high-risk groups were particularly likely to investigate the task while shoaling with preferred social partners. Taken together, our results suggest that the structure and functional importance of prey social networks may partly depend on local predation pressure. Furthermore, by influencing individuals' access to information, fear of predation may impact decision-making in a potentially wide array of behavioural contexts.
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Spatio-temporal variation in predation risk is predicted to select for plastic anti-predator responses, which may in turn impact the fine-scale social structure of prey groups and processes mediated by that structure. To test these predictions, we manipulated the ambient predation risk experienced by Trinidadian guppy (Poecilia reticulata) groups before quantifying their social networks and recording individual latencies to approach and solve a novel foraging task. High-risk conditions drove the formation of social networks that were more strongly assorted by body size than those exposed to low ambient risk and promoted longer durations of contact between preferred partners. Additionally, high background predation risk reduced the probability individuals would approach and solve a novel foraging task. Network-based diffusion analysis revealed that while social transmission of the task solution from knowledgeable to naive individuals occurred at a higher rate within low-risk groups, individuals in high-risk groups were particularly likely to investigate the task while shoaling with preferred social partners. Taken together, our results suggest that the structure and functional importance of prey social networks may partly depend on local predation pressure. Furthermore, by influencing individuals' access to information, fear of predation may impact decision-making in a potentially wide array of behavioural contexts.
Introduction
Predation shapes the ecology of prey species through both lethal and non-lethal effects [1, 2] . Beyond the direct impact of mortality, fear of predation can elicit behavioural responses strong enough to affect the demography and life histories of entire prey populations [3, 4] . As the threat of predation is variable across space and time, many prey species express plastic anti-predator defences which allow them to respond appropriately to potential threats while minimizing opportunity costs [5, 6 ]-e.g. reduced time engaged in foraging or courtship behaviour [1] . The formation of larger, more cohesive groups is one such response to increased threat levels and acts to reduce predation risk through dilution effects, attack abatement and interference with a predator's ability to target individual group members [7] [8] [9] [10] . Prey also frequently exhibit positive group level assortment according to characteristics such as species, body size and sex [8] in order to counteract preferential targeting of phenotypically dissimilar individuals by predators [7, 11] .
While an extensive body of work has examined how grouping tendencies vary with predation risk [8] , less is known regarding the effects of ambient threat levels on fine-scale association patterns within groups. Such patterns can be quantified as a social network in which nodes representing individuals are connected by edges denoting some form of social relationship [12, 13] . Those studies that have examined the impacts of predation risk on network structure have found that heightened perception of risk results in networks that are more clustered (that is, an individual's associates tend to also be associated) [14, 15] , and in which individuals possess more and stronger network connections [15] .
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Fear of predation can also drive the formation of temporally stable associations between group members [15, 16] . Such structural shifts in response to predation risk can have important implications for several social processes. For example, stable social ties can facilitate the maintenance of cooperative relationships [17, 18] , while high interaction frequency can promote the rapid diffusion of information through a group [19] . Given that predation risk partly determines the importance of body size for group membership decisions in shoaling fishes [7, 8, 20 ], here we examine whether fear of predation further shapes the influence of body size on within-group network structure. In particular, we examine whether heightened perception of risk results in stronger network ties between phenotypically similar individuals-i.e. promotes positively assorted social networks [21, 22] .
In addition to its potential effects on social structure, predation risk can also influence the information-gathering strategies employed by prey. Acquiring information can be hazardous in high-predation environments, where the cost of a mistake can include death. Heightened neophobic responses towards novel habitats and stimuli in high-risk environments assist naive individuals in recognizing and responding appropriately to potential threats-i.e. the dangerous niche hypothesis [5, 6 ]-but at the potential cost of being slower to exploit beneficial opportunities [23] . Even when individuals are not confronting novel stimuli or situations, personal sampling of the environment can be risky in high-predation environments, as it may increase the likelihood of encountering a predator or necessitate reduced vigilance [1, 24, 25] .
In contexts where the collection (or use) of personal information is costly, theory and empirical results suggest that individuals should rely on social information to a greater extent [26] [27] [28] . For instance, European minnows (Phoxinus phoxinus) with personal information about foraging patch quality switched their patch preference after observing demonstrators at a previously unprofitable patch, but only under high-risk conditions [25] . As such, while high-risk environments may inhibit the initial asocial acquisition of novel information, they might also subsequently promote its rapid spread through a group as a result of increased reliance on social information. However, little is known regarding how these processes interact under varying levels of predation risk to affect the overall rates of diffusion and pathways of information flow within groups.
Here, we manipulated the background level of predation risk experienced by shoals of Trinidadian guppies (Poecilia reticulata) under captive conditions in order to examine its impacts on their social network structure and on the initial acquisition and subsequent transmission of a novel foraging behaviour. The guppy possesses several characteristics that make it an ideal system for the present study. Social network approaches have been extensively applied to probe the causes and consequences of variation in guppy social biology [15 -17,20] , and the guppy has frequently been used to examine questions related to the acquisition and use of social information [29 -31] . In addition, the Trinidadian guppy is a model organism for understanding the evolutionary consequences of predation (reviewed in Magurran [4] ).
Manipulation of ambient predation risk was achieved by repeatedly exposing guppy groups to either distilled water or conspecific alarm cues. In many aquatic species, chemical alarm cues are released following epidermal damage-such as those that occur during a predation event-thereby serving as reliable indicators of local risk [32] . Repeated exposure to alarm cues over several days is sufficient to elevate individuals' perception of background threat levels [6, 33, 34] . For example, guppies repeatedly exposed to conspecific alarm cues exhibited strong anti-predator responses upon detection of novel odours, while control groups repeatedly exposed to water exhibited no such responses [35] . Comparative work on wild prey populations living under different levels of predation risk has also shown that behavioural responses elicited in captivity via such methods are generally consistent with those observed in the wild [6, 23] .
We tested the following predictions. First, the social networks of groups exposed to high background predation risk would exhibit stronger positive phenotypic assortment according to body size than those of low-risk groups. Second, exposure to high-risk conditions would impede the initial acquisition of the solution to a novel foraging task. Finally, social transmission of the task solution between group mates would occur at a higher rate in high-risk groups relative to low-risk ones.
Material and methods (a) Experimental procedure
This study was conducted from July to September 2016 using laboratory-reared descendants of guppies collected in 2003 from the Quaré River, Trinidad. Owing to space constraints in the laboratory, the study was run in four blocks, each composed of a set of eight groups. Within each block, four groups were exposed to high-risk conditions and four to low-risk conditions. In total, 32 groups were tested (n ¼ 16 groups per risk treatment). A new batch of alarm cues with a concentration of approximately 0.1 cm 2 tissue per ml H 2 O was prepared for each block (see the electronic supplementary material for additional information).
A group was composed of eight non-gravid females drawn from separate rearing tanks; see the electronic supplementary material for details of rearing conditions. Only females were used as they are more likely than males to form stable social relationships [17, 36] and tend to be more food motivated [4, 30] . Individuals within a group were size matched to less than or equal to 2 mm standard length to maintain a similar size range across groups. The mean (+s.d.) length of individuals was 1.94 + 0.20 cm. To permit individual identification, guppies were injected with two coloured elastomer tags (Northwest Marine Technology, Inc.). This method has been used extensively with guppies [15, 17, 37] and does not influence their shoaling decisions [38] . Following marking, groups were provided at least 1 h for recovery before being placed within familiarization tanks and randomly assigned to a treatment.
Familiarization tanks were 37.9 l aquaria filled with 27 l of water; opaque plastic covered the tank walls. Each contained 1.5 m of airline tubing terminating directly above an airstone. Familiarization tanks were otherwise maintained identically to the rearing tanks (see the electronic supplementary material for details). Groups were housed within these tanks for 12 days to allow familiarity to develop between group members [39] . On the final 4 days of familiarization, groups were exposed three times per day between 08.00 and 18.00 to either 10 ml of conspecific alarm cue (high-risk treatment) or 10 ml of distilled water (low-risk treatment). To expose groups to these stimuli, we first drew and discarded 60 ml of tank water via the airline tubing before retaining an additional 60 ml of water. We then injected 10 ml of alarm cue (or water) into the tubing before slowly flushing it into the tank using the retained water. After 30 min, all tanks were given a 50% water change. At least 1.5 h rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20172020 elapsed between subsequent exposures and at least 1 h separated daily feeding from exposure periods. Similar schedules of alarm cue presentation have been reliably shown to elevate perceived predation risk in several taxa, including guppies [6, 34, 35] . For details regarding alarm cue preparation and its efficacy in our captive population, see the electronic supplementary material.
Immediately following the final stimulus exposure, a group was transferred to the test arena: a black rectangular tank (base: 84 Â 51 cm) containing black gravel substrate and water 7 cm deep (figure 1). Heaters recessed within the substrate maintained water temperature at 26 -278C. Fourteen vertical partitions 10 cm 2 in area were placed to break up sight lines within the arena. Overhead illumination was provided by four 23 W compact fluorescent lights. Trials were recorded using a digital camcorder suspended 1.2 m above the arena. Black cloth hung around the arena minimized external visual disturbance. Groups were left within the arena overnight.
Testing began at 12.00 the following day. Groups were filmed for 120 min to collect shoaling association data. Following [37] , focal individuals were randomly selected and observed continuously for 4 min. Every 10 s, we recorded whether that individual was alone-i.e. no group mates were within four body lengthsor whether it was shoaling. If the latter, the identity of its nearest neighbour was recorded as measured from the centre of their heads. After 4 min, a new focal was randomly selected until all individuals had been observed in this way. This process was repeated three times in total, providing 72 observations per individual.
After 120 min, a novel foraging device was gently introduced. This was a cylinder 8.6 cm tall and 8.9 cm in diameter with a plastic base; a 2 cm diameter hole in the lower half permitted entry. The cylinder was stocked with 32 freeze-dried bloodworms that floated on the water's surface. These were not visible to individuals outside the device. Groups were filmed for an additional 20 min, during which we recorded the identity of each fish that approached to within 2 cm of the foraging device and the time at which it first did so. We also recorded the identities and entry times for each individual that entered the device. Following testing, groups were returned to the stock tanks and were not used further in this study. Four individuals died during familiarization (two per treatment), resulting in four groups of seven fish.
(b) Statistical analyses (i) Nearest neighbour associations
To test whether fish associated non-randomly with particular nearest neighbours, association strength was quantified between each pair in terms of the mean duration of contact phases between them and their total number of shared contact phases. A contact phase was defined as one or more consecutive observations in which one individual was recorded as the nearest neighbour of another. We then constructed 10 4 randomized networks per group in which the observed number of contact phases and their durations were maintained for each individual, but nearest neighbour identities were randomized. For each randomized network, we recalculated association strength using both methods described above. We next conducted a randomization test for each group where the test statistic was the sum of squares of the association strength. If the observed statistic was in the top 5% of the distribution generated by the randomized networks, this was used as evidence for non-random nearest neighbour associations. Combined p-values for each treatment were obtained using Fisher's omnibus procedure.
(ii) Phenotypic assortment Using association networks with edges weighted by the number of contact phases between each pair (see Results), assortativity coefficients developed for weighted networks and continuous phenotypic measures (r w c ) were obtained for each group with regard to body length using the assortnet package [22] in R [40] . Positive assortativity coefficients indicate that similarly sized individuals more frequently associated together, while negative coefficients indicate that associations occurred more often between phenotypically dissimilar group mates. Assortativity coefficients were then averaged across networks within a treatment. To assess whether mean assortativity for each treatment significantly differed from null expectations, 10 4 randomized networks were constructed for each group as described above. Mean r w c was calculated for each set of randomized networks within a treatment to generate a null distribution of expected values. If the observed value was in the lower or upper 2.5% of the null distribution, this was taken as evidence of a statistically significant pattern of (dis)assortment.
To test whether background predation risk shaped assortment patterns, we ran a linear model with the r w c s obtained for each group as the response variable, and background risk treatment, experimental block and their interaction as fixed effects. Inspection of residual plots indicated heteroscedasticity across blocks. As such, we ran a generalized least-squares model allowing for this heterogeneity using the nlme package in R [40, 41] . Statistical significance was assessed via likelihood ratio tests.
(iii) Individual probabilities of approaching and solving the foraging task
To examine factors influencing the probability that an individual would approach to less than or equal to 2 cm of the foraging task, we ran a binomial generalized linear mixed model (GLMM) with whether or not an individual approached the device as the response variable. Fixed effects included background risk treatment, body length, their interaction, as well as experimental block; models including interactions involving block resulted in convergence errors and were not considered. Group identity was included as a random intercept. We also ran a GLMM as above with whether or not an individual solved the task as the response variable. Models were fitted using the lme4 package in R [40, 42] . Statistical significance was assessed via likelihood ratio tests.
(iv) Network-based diffusion analysis
We used network-based diffusion analysis (NBDA)-specifically time-of-acquisition diffusion analysis (TADA)-to examine the spread of the foraging task solution within the experimental groups [28, 43] . NBDA models the probability that a naive individual will become informed-or adopt a novel behavioural trait-at time t as a function of both its baseline (asocial) acquisition rate and social transmission from informed group members. The rate of Overhead view of the test arena. The arena measured 84 cm Â 51 cm, and contained black gravel substrate and water 7 cm deep. Fourteen 10 cm 2 vertical partitions, A, were used to create a structurally complex space, while two heaters, B, maintained water temperature at 26 -278C. After recording a group for 120 min, a novel foraging device, C, was introduced into the arena.
rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20172020 social transmission is assumed to be linearly proportional to the strength of association between two individuals and is scaled by the social transmission parameter, s. An individual's latency to first enter the foraging device was used to indicate when it became informed regarding the location of food and how to access it.
We examined the predictive ability of two network types representing potential transmission pathways: (i) association networks, in which the association strength between each pair equalled their number of shared contact phases (see Results); and (ii) homogeneous networks, in which all edge weights were set to 1. Inclusion of the former tested whether transmission rates for the task solution were proportional to the association strength between individuals, while inclusion of the latter tested whether social transmission operated independently of the association networks. Social transmission refers to instances where informed individuals' behaviour facilitates information acquisition by naive group mates [28] . In order to avoid counting simultaneous discovery of the task solution as instances of information transfer, social transmission was not permitted between individuals that solved the task within 10 s of one another (similar approaches have been used with bird flocks [44] ). To allow for the possibility that certain individuals were more effective demonstrators of the solution, transmission from an informed individual was weighted by how frequently that individual entered the device during the trial. Additionally, models in which the social transmission rate, s, was permitted to vary according to background risk treatment were compared with those in which s was constrained to be constant across all groups.
Background risk treatment, body length and experimental block were included as individual-level variables to assess their influence on baseline solving rates. Both additive and multiplicative NBDA variants were considered [28] . In the additive variant, individual-level variables affect only an individual's baseline (asocial) solving rate, while in the multiplicative variant, these variables also affect social transmission. Finally, models that allowed the baseline solving rate to systematically change over time were compared with those that constrained it to be constant.
We adopted an information-theoretic approach for the NBDA [45] . Models were fitted for every combination of network type, social transmission parametrization, individual-level variable(s), NBDA variant and baseline rate function. The model set further included models in which only asocial learning was permitted (s ¼ 0), as well as in which solving rates could vary between groups as an alternative explanation to social transmission. Akaike weights based on the corrected Akaike information criterion (AIC c ) were obtained for each fitted model, indicating its level of support relative to the rest of the model set. The overall support for each variable was computed by summing Akaike weights across every model in which it was included. Parameter estimates and unconditional 95% confidence intervals (CIs) were calculated using model-averaging procedures [45] . As confidence intervals for the social transmission parameters tend to be asymmetric [46] , these were obtained using profile likelihood techniques-conditional on the best model-and adjusted to account for model selection uncertainty [45] . The estimated percentages of solving events that occurred in part because of social transmission were calculated from the model-averaged estimates using the approach described in [47] .
We conducted an additional TADA using an individual's latency to first approach to less than or equal to 2 cm of the foraging device as the trait of interest. Here, a positive result for s suggests that individuals were in association with others who had recently approached the device when first approaching it themselves. As co-arrivals at the device were of interest, 'transmission' was permitted between any pair of individuals regardless of the duration between their first approaches. The analysis was otherwise carried out as described above. NBDA was conducted in R [40] using code (v. 1.2.13) freely available at http://lalandlab.st-andrews.ac.uk/freeware.
Results (a) Nearest neighbour associations
In low-risk groups, non-random patterns of association were detected in terms of the number of nearest neighbour contact phases shared between pairs (omnibus test: Association networks weighted by the number of shared contact phases were used to analyse assortment patterns and in the NBDA.
(b) Phenotypic assortment
Association networks for high-risk groups were significantly less disassorted with regard to body length than null expectations (mean r 
(d) Network-based diffusion analysis
A group needed to contain at least two individuals who solved the task to be included in the NBDA; nine low-risk and three high-risk groups fit this criterion. Social transmission of the task solution was strongly supported (Akaike weight . 99.99%). Of those models which allowed for social transmission, those which included the association networks received the strongest support (Akaike weight ¼ 75.6%), suggesting that fine-scale association patterns predicted the spread of the task solution. Models allowing for transmission rates to vary according to background risk treatment were well supported (Akaike weight ¼ 81.5%), as were models in which baseline solving rates systematically increased over time (Akaike weight . 99.9%). The additive NBDA model received more support (Akaike weight ¼ 54.8%) than the multiplicative model (Akaike weight ¼ 45.2%). As such, model averaging was conducted over the set of additive NBDA models which included the association networks and a non-constant baseline solving rate.
The social transmission parameters in table 1 indicate the increase in solving rate for naive individuals per unit of network connection to informed individuals-weighted by how frequently a given informed individual entered the devicerelative to the average asocial solving rate. For low-risk groups, this value corresponds to an estimated 49.9% (95% CI: (25.8%, 62.2%)) of the 69 solving events occurring as a result of social transmission. Of the 15 solving events in high-risk groups, an estimated 28.2% (95% CI: (0%, 50.0%)) occurred because of social transmission. Social transmission rates were higher in low-risk groups relative to high-risk ones, with the difference estimated at s diff ¼ 0.02 (95% CI: (0.01, 0.03)).
For the NBDA examining the latency and order in which individuals approached the foraging task, 13 low-risk and nine high-risk groups were included. Models which included social influences over approach latency (i.e. s . 0) received strong support (Akaike weight . 99.9%), as did those which included the association networks (Akaike weight ¼ 94.4%), suggesting individuals tended to approach the device in the company of group mates with whom they were strongly connected. There was more support for than against the strength of these social influences varying according to background risk treatment (Akaike weight ¼ 73.3%). Multiplicative NBDA models (Akaike weight ¼ 71.9%) and models assuming a constant baseline arrival rate (Akaike weight ¼ 74.2%) were also supported. As such, model averaging was conducted over the set of multiplicative NBDA models that included the association networks and a constant baseline approach rate.
In low-risk groups, 98 individuals approached the device, while 59 individuals did so in high-risk groups. Social influences on approach latency were present in both low-and high-risk groups (table 2) . These influences were stronger in low-risk groups relative to high-risk ones, with the difference estimated at s diff ¼ 0.07 (95% CI: (0.02, 0.19)), suggesting that individuals in low-risk groups may have approached the device as part of a larger and/or more cohesive shoal than did those in high-risk groups.
To further examine the ability of the association networks to predict the spread of the task solution, we obtained the change in AIC c for the top-ranked model when the association rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20172020 networks were replaced with homogeneous networks for each treatment separately. Inclusion of the homogeneous networks resulted in minor decreases in model fit for both low-risk (DAIC c ¼ 0.86) and high-risk groups (DAIC c ¼ 1.36), suggesting that association patterns offered slightly improved predictive power relative to the absence of social structure. Applying the same procedure to the NBDA concerned with approaches to the device resulted in slightly decreased model fit for low-risk groups (DAIC c ¼ 0.25), but a substantial decrease in fit when the association networks for high-risk groups were replaced (DAIC c ¼ 5.75). This indicates that association patterns were an important predictor regarding approaches to the device primarily in high-risk groups.
Discussion
The threat of predation is a powerful selective agent that varies across space and time [ 1,2,6 ]. Here, we experimentally demonstrate that variation in perceived ambient predation risk can shape fine-scale patterns of association and their potential importance in mediating the acquisition of adaptive information. Perception of elevated risk also inhibited the uptake and subsequent social transmission of a novel foraging behaviour, probably by increasing the perceived costs of individual learning and/or inducing heightened neophobic responses. Thus, in addition to facilitating recognition ofand appropriate reactions to-a diverse array of threats [5, 6] , phenotypically plastic anti-predator responses can shape the organization and function of animal social networks, as well as impact individuals' access to information relevant to decision-making in a potentially wide array of contexts [48] .
Fission-fusion behaviour can facilitate responses to spatiotemporal variation in predation risk through dynamic changes in group size and composition [10, 15, 37, 49] . Selective targeting of phenotypically odd individuals by predators can favour within-group homogeneity in prey species [7, 8, 11] , thereby promoting association between alike individuals. Group-level rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20172020 assortment by body size has been particularly well studied within fishes, and is commonly observed in response to elevated predation risk [8, 20] . Our findings demonstrate that fear of predation can further influence assortment patterns within relatively phenotypically homogeneous groups. Despite the narrow size range within groups, guppy social networks under high-risk conditions were significantly less disassorted by body length than were those under low ambient risk. Determining whether such fine-grained assortment patterns confer anti-predator benefits to individuals and uncovering the mechanism(s) underlying those benefits represent exciting avenues for future research.
Our results may also suggest a trade-off between the potential benefits of association with unlike individuals and phenotypic assortment when faced with the threat of predation. Previous work has reported a negative correlation between body size and risk-taking propensity in fishes, potentially driven by increased metabolic demands within smaller individuals [50] [51] [52] . Such a relationship may explain the higher probability of solving the task for smaller individuals-at least in low-risk groups-and the tendency for smaller individuals to be more likely to approach the device. By associating with smaller, bolder group mates, larger individuals may incur greater vulnerability to predation through increased conspicuousness, but experience informational benefits, enhanced foraging efficiency or competitive advantages [52, 53] .
Ambient predation risk also shaped the expression of social preferences. Within low-risk groups, non-random patterns of association were detected solely in terms of contact frequency, while social preferences within high-risk groups were expressed through both the duration and frequency of contact. Recent work on wild populations suggests that high levels of predation risk can promote the formation of stable social relationships [15, 16] . Similarly, risk-averse individuals are more likely to maintain temporally stable associations across a range of timescales relative to risk-prone individuals [54, 55] . These strong, long-lasting social bonds can enhance coordination during anti-predator behaviour and aid in maintaining cooperative relationships [18, 56, 57] . For instance, stable ties between female guppies were predictive of increased cooperation during dangerous predator inspections [17] . Enhanced cohesion and coordination between preferred partners under threat may underlie our finding that strong social relationships in high-risk groups were especially influential in driving approaches to the foraging device, thereby probably facilitating exploration of the task. This suggests that the functional significance of a population's social network structure is probably responsive to local ecological conditions-e.g. background levels of predation risk.
In prey populations exposed to intense predation, heightened neophobic responses may reduce learning costs when dealing with potential threats [5, 6 ]-e.g. neophobic individuals are less likely to mistakenly classify a novel stimulus as benign when it is not. In the present study, individuals exposed to high ambient risk may have exhibited stronger neophobia towards the foraging task, as they were less likely to approach and solve the task relative to individuals in low-risk groups. In addition, the NBDA supported a baseline solving rate that increased over time, which is consistent with neophobic responses eventually waning in those groups that successfully acquired the solution [58] . While the benefits of neophobia in dangerous environments are probably substantial, neophobic responses are predicted to be flexible as they can otherwise result in wasted time and energy engaged in unnecessary anti-predator behaviour in low-risk contexts [1, 6, 23] . Here, such costs are demonstrated by the large majority of individuals in high-risk groups failing to exploit a novel foraging opportunity. Taken together, our findings are consistent with spatio-temporal variation in predation risk selecting for phenotypically plastic neophobia.
Even if the device was not perceived as threatening, individuals in high-risk groups may have been less likely to acquire the solution owing to higher perceived costs of personally sampling the environment [24, 25] . For example, by entering the device, an individual could risk encountering an undetected predator within. Entering might also entail losing visual contact with group mates outside, thereby depriving an individual of the informational benefits of grouping and increasing its vulnerability to predation [8, 59] . Investigating the device may also have necessitated reduced vigilance efforts [1] . Weaker social influences on approach latencies suggest that individuals in high-risk groups approached the device in smaller and/or less cohesive shoals than in low-risk groups. Given that larger group size enhances dilution effects and predator detection ability [8, 59] , the perceived costs of reduced vigilance would probably have been especially pronounced in high-risk groups-though possibly offset in part by the greater tendency of individuals in high-risk groups to approach the device with preferred social partners [16, 17, 56] .
Social transmission of foraging information within fish shoals can occur through relatively simple social learning mechanisms, such as local enhancement [28, 60] . For instance, knowledgeable individuals can act as leaders during collective movements [29, 31, 46] , while visual and olfactory cues associated with foraging can provide tip-offs to uninformed individuals [25, 29, 61] . Theoretical and empirical results suggest that when asocial learning is costly, individuals should prioritize social information use [25] [26] [27] [28] . However, while social transmission of the task solution was strongly supported in low-risk groups-resulting in an estimated 49.9% of the 69 solving events-evidence for social transmission was weaker in high-risk groups. High-risk conditions inhibited the acquisition of personal information, resulting in a dearth of informed individuals and few opportunities for social learning. Even if individuals had opportunities to acquire social information in high-risk groups, the perceived costs of acting on that information could inhibit behavioural trait performance. As such, useful extensions of this work to better understand how social transmission patterns differ in high-and low-risk environments might include seeding trained demonstrators within groups to remove the hurdle of initially acquiring information or limiting neophobic responses by examining the spread of novel information regarding non-novel tasks.
When high-risk conditions no longer prevail, individuals are likely to benefit by adopting behavioural phenotypes more suited to low-risk environments. Recent work on predator-induced neophobia is consistent with this prediction. Exposure to high ambient risk promoted neophobic responses to novel olfactory cues in wood frog tadpoles (Lithobates sylvaticus), but a low-risk period of 11 days without exposure to alarm cues was sufficient to extinguish such responses [62] . An individual's reliance on social information is likewise predicted to flexibly respond to its current context [25, 27] . However, the persistence of induced changes probably depends, in part, on the intensity or duration of high-risk conditions [4, 35] , though even relatively brief high-risk periods rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20172020 may generate lasting shifts in behaviour. For example, social bonds developed owing to heightened threat of predation may be maintained under low-risk conditions and continue to impact behavioural processes mediated by network structure. Determining the extent to which risk-induced changes in network structure and behaviour persist in the absence of predator-related cues and the factors that shape this retention remain topics deserving further investigation.
As this study was conducted on individuals bred under captive conditions for many generations, the generality of these results for wild populations remains to be established. However, pilot work demonstrated that responses to conspecific alarm cues in our population were characteristic of anti-predator behaviours exhibited by wild-caught individuals ( [33] ; see the electronic supplementary material). In addition, our results are broadly consistent with prior work carried out on wild guppy populations [6, 16, 20, 23] . By conducting the current study under controlled conditions, we provide experimental evidence that perceived ambient predation risk can influence the importance of social relationships and how they are structured within groups, as well as impact the acquisition and spread of novel information. By impacting individuals' access to information, fear of predation may affect the ability of individuals to assess habitat quality [63] , successfully establish themselves in novel environments [64] , and exploit foraging resources that are often ephemeral and difficult to find [14, 44] . Further investigations into species' 'socio-ecology of fear' [49] are sure to be highly rewarding.
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